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ULFATED hydrogenated tallow alecohols (sodium
S tetradecyl, hexadeeyl, and octadecyl sulfates) are

good detergents and surface-active agents, with
some disadvantage because of limited solubility in
water at room temperature. Sulfated tallow alcohols
(mainly sodium tetradecyl, hexadecyl, octadecyl, and
oleyl sulfates) are likewise good detergents and sur-
face-active agents, adequately soluble because of the
presence of sodium oleyl sulfate. Retention of un-
saturation appears desirable but may be difficult, de-
pending upon the reduction and sulfation methods
selected (7).

Acting upon a suggestion of John C. Cowan, North-
ern Utilization Research Branch, we have found that
chlorinated tallow alcohol sulfates (sodium tetradecyl,
hexadecyl, octadecyl, and 9,10-dichlorooctadecyl sul-
fates) can be prepared by the addition of chlorine
to the unsaturated constituents of tallow alcohols
(mainly oleyl aleohol) and sulfation of the chlorin-
ated tallow alcohols with chlorosulfonic acid. This
method has the advantage that it does not require
the use of a special sulfating agent to avoid reactions
involving the double bond; and the sulfated chlorin-
ated tallow aleohols are adequately soluble at room
temperature.

The present paper is concerned with preparation of
sodium 9,10-dichlorooctadecyl sulfates from oleyl and
elaidyl aleohols, and the chlorination and sulfation of
tallow alcohol. The products have been compared and
evaluated in terms of solubility, surface and interfa-
cial tension, calcium stability, wetting properties, sta-
bility to hydrolysis, foam height, and detergency.

- Sodium 9,10-Dichlorooctadecyl Sulfates

9-Octadecenols. Oleyl aleohol (I no. 92.5, theoretical
value 94.5) and elaidyl alcohol (I no. 94.7, m.p. 36.1-
37.0°) were prepared from a commercial oleyl alecohol
as described in previous publications (5, 7).

9,10-Dichlorooctadecanols. Chlorination was carried
out according to a method for the chlorination of un-
saturated alcohols described to us by H. M. Teeter
(6), Northern Utilization Research Branch, modified
by use of a lower reaction temperature and lower
solvent ratio.

A slow stream of chlorine was introduced into a
stirred solution of 100 g. of purified oleyl aleohol in
300 ml. of dichloromethane, cooled in a dry ice-carbon
tetrachloride bath maintained at —45°. Chlorine was
passed in at such a rate that the reaction temperature
remained in the range —13° to. —23° throughout 4.5
hours. Completion of reaction was indicated by the
development of a yellow-green color in the solution
and a fall in reaction temperature as a result of no
further heat of reaction. Solvent and excess chlorine

11, II, and III in this series are references (5), (4), and (7), re-
spectively. K 3

.2Presented at the meeting of the American 0il Chemists’ Society in
Minneapolis, October 1954. :
_'3A laboratory of the Eastern Utilization Research Branch, Agricul-
tural Research Service, U. S. Department of Agriculture.

were removed at reduced pressure in a stream of
nitrogen, finally being heated on the steam bath to
remove the last trace of solvent. 9,10-Dichloroocta-
decanol was obtained as a colorless oil, yield 97%,
m.p. 12°, n’ 1.4760, d%° 0.9898, molecular refractivity
96.71 (theoretical value 96.58), I no. 0.3, 19.95% Cl
(caleulated for C,,H,,Cl,0, 20.90% Ci; calculated
with correction for saturated impurities in the -oleyl
aleohol, 20.45% C1).

Elaidyl alcohol chlorinated in the same manner
gave a different racemic mixture, a 9,10-dichloro-
octadecanol, a white solid, m.p. 31°, yield 94%,
ng 14757, d% 0.9946, molecular refractivity 96.19,
{ no. 0.3, 20.59% CL

Sulfation of 9,10-Dichlorooctadecanols. Chlorosul-
fonic acid, 0.15 mole, was added dropwise to a cold,
stirred solution of 0.12 mole of the 9,10-dichloroocta-
decanol (from oleyl aleohol) in 100 ml. of chloroform
at 6° to 10°. The reaction mixture was heated to 37°,
maintained 0.5 hour at 37°, and cooled. n-Butanol, 100
ml., was added, the mixture was neutralized with 18
N sodium hydroxide, and water and chloroform were
removed together by distillation. The dry, boiling
butanol solution was filtered to remove inorganie-salts,
then cooled to —25°, and filtered to give a 65% yield
of a sodium 9,10-dichlorooctadecyl sulfate as a light
cream colored solid: Purification by carbon treatment
and recrystallization from butanol at —25° gave a
399 yield of a sodium 9,10-dichlorooctadecy1 sulfate,
a white solid, I no. 0.1, containing 5.01% Na, 7.07%
S, and 15.39% Cl (calculated for C,H,Cl,NaO,S,
5.21% Na, 7.26% S, 16.06% Cl; 15.72% Cl when cor-
rected for saturated impurities present in the oleyl
alcohol). :

Sulfation of the 9,10-dichlorooctadecanol from ela-
idyl alcohol gave 84% yield of a light eream-colored
solid. Purification gave 67% yield of a sodium 9,10-
dichlorooctadecyl sulfate, a white solid, I no. 0.7, con-
taining 5.27% Na, 7.14% S, and 15.87% Cl.

Sulfated Chlorinated Tallow Alcohol

A tallow alcohol,* acid no. 1.5, saponification no.
8.2, I no..54.1, % hydroxyl 6.4, was chlorinated and
sulfated as described for oleyl aleohol except that
chloroform was used as the solvent, the chlorinated
tallow aleohol was not isolated, and purification steps
were omitted.

Chlorine was run slowly into a solution of the
tallow alecohol in 3 volumes of chloroform at —20°
until an excess of chlorine was evident. Excess. chlo-
rine was expelled by a stream of nitrogen. The iodine
absorption of the solution at this point was 0.13 g
per 100 ml., indicating almost complete reaction of
chlorine with unsaturated constituents.

Without removal of solvent, the chlorinated tallow
alecohol was sulfated with 1.09 molar ratio of chloro-
sulfonic acid at 0° to 10°. Methanol was added, and

¢Prepared by Ethyl Corporation.



TABLE I )
Surface and Interfacial Tension, Calcium Stability, and Wetting Properties

Surface and inter- Sinking time (3), 0.1% concentration of surface-
facial tension, 0.1% Ca sta- active agent, 25°, seconds

solutions, 25° bility, - -

dynes/cm. p.p.m. . Boiled Boiled
CaCO0s Dis- 1% 4 hours 5% 0.5 hours

(8) tilled NaOH in 1% H,S80, in 5%
S.T. IT. water NaOH H,S0,
Na dodecyl sulfate B 20.3 550 13 13 17 | 15 > 600
Na oleyl syulfsate 35.0 7.4 >1,800 19 23 31 30 > 600
Na 9,10-dichlorooctadecyl sulfate (from oleyl alcoh 35.8 5.8 970 32 53 46 62 > 600
Na 9,10-dichlorooctadecyl sulfate (from elaidyl alcohol) 35.8 6.0 950 39 66 57 70 > 600

the cold reaction mixture was neutralized with 18 N
sodium hydroxide and evaporated to dryness to give
a cream-colored solid. Separation behavior of a sam-
ple, between butanol and water, indicated that the
product contained about 90% active ingredient.

Solubility

The sodium 9,10-dichlorooctadecyl sulfates from
either oleyl or elaidyl alecohol are readily soluble, but
the solubility is difficult to measure. Like sodium
oleyl sulfate, a 20% solution forms a clear gel at
room temperature. From qualitative observations it
appears that sodium 9,10-dichlorooctadecyl sulfates,
like sodium oleyl sulfate or sodium elaidyl sulfate,
are able to solubilize, to some extent, the Jdifﬁcultly
soluble sodium hexadecyl sulfate and sodium octa-
decyl sulfate. The solubility of a mixture of pure
compounds representing sulfated chlorinated tallow
aleohol is about 0.2% at 25°. The solubility of a
mixture representing sulfated hydrogenated tallow
aleohol is about 0.02%.

Surface and Interfacial Tension

Figure 1 shows the surface tension vs. concentra-
tion curves for the sodium 9,10-dichlorooctadecyl sul-
fates from oleyl and elaidyl alecohol. Surface tension
was measured at 256° with the Du Noiiy tensiometer.
Values for surface and interfacial tension are also
given in Table I. ;

The curves differ only in the range near the critical
micelle concentration. The sodium 9,10-dichloroocta-
decyl sulfate from oleyl alcohol is not quite so pure,
and the minimum is more pronounced. Interfacial ten-
sion values at 0.1% concentration, against a refined
mineral oil, for the two compounds are slightly less
than the value for sodium oleyl sulfate and consider-
ably less than the value for sodium dodecyl sulfate
(Table I). '

Calcium Stability

The calcium stability of the sodium 9,10-dichloro-
octadecyl sulfates, measured by a modified Hart
method (8), is recorded in Table I. The values are
intermediate between those for sodium dodecyl sulfate
and sodium oleyl sulfate.

Wetting Properties and Stability to Hydrolysis

Wetting properties of the sodium 9,10-dichloro-
octadecyl sulfates, measured with a standard binding
tape (3), are recorded in Table I. The compounds are
somewhat less effective wetting agents than sodium
dodeeyl sulfate or sodium oleyl sulfate. Under the
conditions of the test deseribed in Table I, 0.1% solu-
tions of the sodium 9,10-dichlorooctadecyl sulfates, in
1% sodium hydroxide have about the same wetting
properties before and after boiling for 4 hours. Like
sodium dodecyl sulfate or sodium oleyl sulfate, they

appear to be resistant to alkaline hydrolysis, at least
at the sulfate linkage. The sinking time measure-
ments show that the four compounds, as might be
expected, are hydrolyzed in hot 5% sulfuric acid
solutions.

Foam Height

Foaming properties, measured by the Ross-Miles
test (2), are recorded in Table II as the foam height
5 min. after formation. Mixtures A, B, and C are
mixtures of pure compounds, representing the com--
position of sulfated tallow aleohol, sulfated hydro-
genated tallow alecohol, and sulfated chlorinated tal-
low alcohol, respectively. The mixtures are based on
the fatty acid composition of tallow as being, for this
purpose, approximately 6% myristic, 28% palmitie,
16% stearie, and 50% oleic acid. Thus A contained
6% sodium tetradecyl sulfate, 28% hexadecyl, 16%
octadecyl, and 50% sodium oleyl sulfate ; B contained
6% tetradecyl, 28% hexadecyl, and 66% sodium octa-
decyl sulfate; C contained 6% tetradecyl, 26% hexa-
decyl, 14% octadecyl, and 54% sodium 9,10-dichloro-
octadecyl sulfate (from oleyl aleohol).

TABLE II
Foam Height and Detergency
Foam height! Detergency,? 60°
(2), 60°, mm. A R values
0.1% 0.1% 0.25%
0.25% | inhard | in'hard | in hard
in dis- | water of | water of | water of
tilled | "'y 100 300
water | 5 pom. p.p.m. | p.p.m.
Sodium dodecyl sulfate. ol 175 248 24.8 24.5
Sodium oleyl sulfate. ..| 240 226 34.8 24.0
Sodium 9,10-dichlorooctadecyl sul-
fate (from oleyl alcohol)............... 235 205 31.5 22.2
Sodium 9,10-dichlorooctadecyl sul-
fate (from elaidyl alcohol)............ 245 209 32.8 21.7
Sulfated chlorinated tallow alcohol
(90% active ingredient)................ 238 208 29.5 22.9
Mixture A® (Representin, Ifated
tallow alcohol)........... 249 216 30.7 26.1
Mixture B3 (Representing sulfated
hydrogenated tallow alcohol)......... 244 72 36.8 34.4
Mixture C? (Representing sulfati
chlorinated tallow alcohol)........... 243 206 34.8 *| 245

1Measured 5 min. after formation.

?Terg-O-Tometer, G.D.C. No. 26 standard soiled cotton, 10 swatches/1.,
20 min. at 60°, 110 cycles/min. -

3A, C are mixtures of pure compounds representing the composi-
tion of sulfated tallow alcohol, sulfated hydrogenated tallow alcohol, and
sulfated chlorinated tallow alcohol, respectively.

Sodium dodecyl sulfate had poor foam stability in
distilled water. The mixture representing sulfated
hydrogenated tallow alcohol had the least foam in
hard water. There was comparatively little differ-
ence in foaming properties of sodium oleyl sulfate,
sodium 9,10-dichlorooctadecyl sulfates, sulfated chlo-
rinated tallow alcohol (90% active ingredient), and
mixtures A and C. i

Detergency

Detergency was measured in the Terg-O-Tometer
with G.D.C. No. 26 (1) standard soiled cotton hav-



ing an initial reflectance relative to MgO as 100, 25.3;
ten 2%-in. x 314-in. swatches per liter of solution

were washed for 20 minutes at 60°, at 110 cycles per

minute. Detergency was expressed as increase in re-
flectance, A\ R, after washing (Table II).

In the tests of 0.1% solutions in 100 p.p.m., a dif-

ference in A R of 2.0 was significant with 95% prob-
ability. Under these conditions mixture B was the
best detergent; mixture C was equal to sodium oleyl

sulfate and somewhat better than the sodium 9,10-.

dichlorooctadecyl sulfates. Sodium dodecyl sulfate
was the least effective detergent.

In the tests of 0.25% solutions in 300 p.p.m., a
difference in A R of 1.6 was significant with 95%
probability. Under these conditions mixture B was
again the best detergent, mixture A was better than
C, which was equal to sodium dodecyl sulfate and
sodium oleyl sulfate. The detergency of the sodium
9,10-dichlorooctadecyl sulfates was unfavorably af-
fected when water hardness was increased from 100
to 300 p.p.m.

The sodium 9,10-dichlorooctadecyl sulfates resem-
ble sodium oleyl sulfate in detergency characteristics.
Mixture C was better than A at 0.1% in 100 p.p.m.
and slightly inferior to A at 0.25% in 300 p.p.m.

With a different standard soiled cloth, A.C.H. No.
114, tests of 0.1% solutions in hard water of 100
p.p.m. showed that the sodium 9,10-dichloroocta-
decyl sulfates were better than sodium dodecyl sul-
fate but somewhat inferior to sodium oleyl sulfate
in detergency.

Summary

Sodium 9,10-dichlorooctadecyl sulfates were pre-
pared by the addition of chlorine to oleyl and to
elaidyl alcohols, and sulfation of the dichloroocta-
decanols with chlorosulfonic acid. The sodium 9,10-
dichlorooctadecyl sulfates are readily soluble in water
at 25° and resémble sodium oleyl sulfate in detergent
and surface-active properties. Tallow alcohols can be
chlorinated by the addition of chlorine and sulfated
with one of the usual sulfating agents to produce an
adequately soluble detergent and surface-active agent.

5American Conditioning House Inc. Mention of a particular test cloth
does not constitute recommendation by the Department of Agriculture
over similar products not mentioned.
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Fi¢. 1. Surface tension of sodium 9,10-dichlorooctadecyl
sulfates.
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